of which is more likely to be central rather than peripheral. It is in the biochemical and pharmacological fields that we approach nearer to the underlying processes of disease. These will be discussed by Professor Keele (p 419) whose work provides a new line of approach in pain (Armstrong et al. 1953) . Like pressure pain, chemical pain can be measured and studied and new light thrown on many painful conditions (Smith 1966) .
As already mentioned in experimental work in man, the end-point is the word of the patient. In animal work this feature is missing and pain is even more remote. For this reason I believe that pain studies in animals, apart from the moral issues involved, are of much less value and interest and should be abandoned. But words are very nebulous material for scientific study. Nevertheless, using an arbitrary scoring scale, the same subject tends to use it the same way when he is put through the same test on different occasions and most people use the scale in similar fashion. We tape-recorded many of our sessions and related words to different levels of stimulation.
Using K+ in the skin, a group of 6 subjects began to feel slight pain at the same level of potassium concentration. There is an area between normal sensation and pain, which the patient knows is abnormal and is not pain. We have proposed the term metasthesia for this range. In another experiment using a polypeptide, which gives prolonged pain, it is possible to project words from the tape on to the tracing and thus have a complete profile of a single pain episode.
Pain is not a disease that we must eliminate. Its value as an early warning in disease, and as a vital element in the protective reflex, indicates the essential role it plays in life. As doctors, is our task simply to be able to control pain, when it begins to play a destructive role? Pain can be a great creative force in life. Some of our greatest music, painting and writing was born because of pain and suffering. It helps man to develop insight into his own nature and to create sympathy with his fellow men. Dr Kenneth Keele recently reminded us that Sherrington (1940) believed that the experience of pain was a prerequisite of the highest form of human behaviour: 'Altruism has to grow, it amounts to sharing suffering as though another's suffering were its own. A great gift, some might say divine, comes to the "self" when perceiving suffering external to itself. Human life has among its privileges that of preeminence of pain.' And so we can trace pain's network over many fields and watch it destroying and enriching life and reminding us that mind and body co-exist and interact and in this interplay the origins of many problems lie, awaiting our solution.
Smith R (1956) MD thesis. T.C., Dublin (1962) The patterns of pain in disease are of the greatest interest to those doctors who deal with patients. They are often, too, the source of the greatest exasperation in their failure to conform with the classical forms which we learnt from our textbooks of medicine. This confusion of pain patterns we all realize is due to the many factors which underlie the experience of clinical pain, and the difficulties of communication on the part of the patient.
Many of the recognized patterns of pain in visceral disease were worked out at the beginning of this century by such pioneers as James Mackenzie and Henry Head. These workers found that the pain patterns of visceral disease can often be accounted for on a neurophysiological basis, i.e. they follow reflex arcs within the spinal cord. On such a basis the pain of angina pectoris, for example, is referred down the inner arm. In 1934 Emmanuel Libman drew attention to another important factor in the production of the pain of diseasethe patient's sensitivity to pain. This he attempted to assess by a test which consisted ofpressure on the styloid process just below the mastoid process. Libman chose this site since he considered that here he was pressing on the greater auricular nerve and he gauged the sensitivity of patients from their response to this pressure into two grades 'hyposensitives' and 'sensitives'. He found that the symptoms of many diseases such as peptic ulcer and coronary disease were different in the two groups.
Here Libman was for the first time trying to assess a patient's pain, by comparing the manifestations of the painful disease with the symptomatic response to a known stimulus. He found it informative. But its most obvious limitation was due to its quantitative deficiency; Libman did not measure either the pressure he applied, or the rate of its application. These defects I have attempted to correct in the simplest possible way, by using an instrument originally introduced by Henry Head for the assessment of analgesia in tabetic patients. The pressure algometer consists simply of a metal cylinder containing a spring attached to a plunger, to which is fixed a suitable gauge calibrated in pounds or kilograms which measures the force applied to the tip. The instrument is applied perpendicularly to a flat bony surface, usually the forehead, pressure being increased at a standard rate of 1 kg per second. (The technique is illustrated in It is most important that the background of the test should be as uniformly standardized as the application of the pressure stimulus. The whole procedure, privacy, the position of the patient, the 'patter' with which the patient is informed of the nature of the test -all this must be as carefully standardized as the mode of application. Great care is taken to make sure that the whole procedure is not alarming to the patient; in short, though meticulously standardized, it is performed as casually as possible. The patient is instructed to say 'Now' as soon as he feels pressure which he would call 'painful'. He is specifically told that he is not to bear pain beyond this point. This reading is taken as the 'pain threshold'. Under these conditions reproducibility of the results to within 05 kg is almost always possible. On each occasion the reading is repeated at different sites until three consistent readings are obtained. If repeated subsequently under the standardized conditions the tests are almost always reproducible. The pain threshold thus obtained in 363 normal healthy persons, mostly office workers in the City of London, is distributed around 2-0 kg. For purposes of reference those with pain thresholds less than 2-0 kg are referred to as hypersensitives; those with thresholds between 2-0 and 4 0 kg are called normosensitives; and those above 4-0 kg are called hyposensitive. On this basis 22-3 % of Londoners are hypersensitive, 61-2 % normosensitive, and 16-5 % hyposensitive. This distribution correlated closely with those obtained by other workers using rather different techniques of pain production.
That sensitivity to pressure pain is correlated with sensitivity to other types of pain, such as that produced by ischemic changes, is shown by comparing pressure pain threshold with that for ischmmic pain, using Harrison & Bigelow's modification of Lewis's ischmmic test. Unfortunately the end-points in 13 of the 100 subjects were obscured by fatigue. This effect was, however, mostly evident in hyposensitive persons. Individual variations in sensitivity of the blister base were noted by C A Keele to the applications of chemical pain-producing substances. This led us to compare the sensitivity of the blister base to slowly increasing concentrations of potassium chloride solutions. A diminishing sensitivity of the blister base was clearly seen to be related to the higher pressure pain thresholds of the subjects. It became evident therefore that, as far as experimental pain threshold is concerned, there is a significant correlation between the thresholds for pain produced by pressure, ischemia and chemical stimulation.
The key question now arose: Is there any correlation between the experimental pain threshold and the threshold of pathological or clinical pain, as seen in practice? In this field my personal interest has been in the pain of cardiac infarction. From the point of view of the peripheral stimulus, it is agreed that this pain is composed of at least three elements, a chemical element, an ischwmic element and probably an element of pressure or tension within the ventricular wall. And since we have already shown experimentally that the appearance of pain from these three elements of stimulation is correlated with the pressure pain threshold of the patient as measured with the algometer, it is reasonable to suppose that the appearance of pain in the patient with cardiac infarction would also be so correlated.
My first experience indicating that this was indeed the case occurred in a patient who presented at my routine outpatient clinic with paroxysmal dyspncea. His pressure pain threshold was 6-0 kg. At no time did he complain of any pain. He had an indubitable anteroseptal cardiac infarction. Some eighteen months later he returned with similar symptoms of dyspnoea without pain, and further evidence of anteroseptal infarction, from which he died. At autopsy he had old and recent evidence of extensive cardiac infarction.
A similar patient with pain threshold 6-0 kg complained only of a sensation 'like a brick in the chest'. He denied any pain. The case ran a similar course, being admitted on a second occasion some sixteen months later in a dyspncic state. At autopsy this man had extensive posterior and anterolateral cardiac infarction.
The contrasting clinical picture is exemplified by a patient with pain threshold 15 kg, whose pain eventually demanded sympathectomy. At autopsy only scattered areas of fibrosis were found in the myocardium. Such cases as these gave a clear clinical impression that the pressure pain threshold of the individual greatly influenced the pain he experienced with cardiac infarction.
The clinical impression was assessed quantitatively on a group of 74 patients with proved cardiac infarction. These patients were categorized with regard to the features of pain intensity, duration, and the individual requirement of morphine.
Pain intensity was graded into 'slight ', 'moderate', 'severe', or 'agonizing' degrees (Grades 1, 2, 3 and 4 in Table 1 ). It was found that though there was no difference between those describing their pain as 'slight' and those describing it as 'moderate', there was a significant statistical difference between these two groups and those classifying their pain as 'severe' or 'agonizing'. The intensity of pain was clearly shown to be inversely related to the pressure pain threshold, i.e. the higher the pain threshold the less intense the pain (Table 1) . Similarly, inverse relationship was demonstrated to exist between the pain threshold and the duration of the pain (Table 2) ; that is to say the higher the patient's threshold the shorter was his pain with cardiac infarction. There was also a significant inverse relationship between the pain thresholds Difference among means (Anova: F=2-978) (0 05 > P > 0 01). Significant of the patients and the number of doses of morphine required (Table 3 ). There can be little doubt that if the factor of pain sensitivity were taken into consideration, we could regulate morphine dosage much more closely to the patient's need, rather than by mere convention.
This brief outline showing the relation of a simple test for pain sensitivity and the clinical features in disease reveals some of its fields of use in the management of cases in practice. Of course, if such a test does reflect the symptoms and behaviour of patients (as I believe it does) it can throw light on other aspects of patient behaviour.
Professor C A Keele
(Department ofPharmacology, Middlesex Hospital Medical School, London) The Chenistry of Pain Production Pain is the sensation which results from noxious stimulation by physical or chemical agencies. By physical agencies I mean stimuli such as pressure, tension, heat and cold. Pressure is exemplified by a blow on the shin, or a pin-prick, and tension by the pain due to stretching of hollow smooth muscular viscera. Heat is a common cause of pain but it is probable that it works through chemical processes (Hardy 1962), even without the production of a burn. Pain due to cold may also be chemically mediated.
Pain is essentially the sense of injury, and it seems likely that it is usually an indication of the rate at which a tissue is being damaged. Thus extensive wounds may at times be painless and
